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We employ an effective Hamiltonian that includes the transverse and longitu-
dinal confinement and the one-gluon exchange interaction with fixed coupling
constant. By solving the eigenvalue equation in basis light-front quantization
(BLFQ), we generate the light-front wavefunctions (LFWFs) for the nucleon
in the valence quark Fock space. Fitting the model parameters, we obtain high
quality descriptions of electromagnetic form factors and radius for proton while
the results deviate somewhat from experimental data for neutron.
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1. Introduction
Basis light-front quantization (BLFQ) is a nonperturbative approach which
is developed for solving bound state problems in quantum field theories1–13.
This approach has been successfully applied to QED3,4 and QCD5–13 sys-
tems. In our work, we apply the BLFQ approach to the nucleon and study
the electromagnetic form factors. As a Hamiltonian formalism, we adopt a
light-front effective Hamiltonian, which includes the holographic QCD con-
finement potential supplemented by longitudinal confinement5,6,14 along
with the one-gluon exchange interaction with a fixed coupling constant.
The light-front wave functions (LFWFs) are obtained by diagonalizing the
effective Hamiltonian and used to calculate the electromagnetic form fac-
tors.
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Electromagnetic form factors are crucial for probing the structure of
the nucleon. In the light-front formalism, the Dirac and Pauli form fac-
tors, F1(Q
2) and F2(Q
2), are defined with the longitudinal vector current
(J+)15,16
〈P + q, ↑ |J
+(0)
2P+
|P, ↑〉 = F1(Q2), (1)
〈P + q, ↑ |J
+(0)
2P+
|P, ↓〉 = −(q1 − iq2)F2(Q
2)
2M
, (2)
where Q2 = −q2 = q2⊥ is the square of the momentum transfer, and M is
the nucleon mass. The ket |P, Sz〉 represents the physical state that can be
expanded in terms of the wave functions14,
|P, Sz〉 =
∫ 3∏
i=1
dxid
2ki⊥√
xi16pi3
16pi3δ
(
1−
3∑
i=1
xi
)
δ2
(
3∑
i=1
ki⊥
)
×ΨΛ(xi, ki⊥, λi) |xiP+i , ki⊥ + xiP⊥, λi〉 . (3)
Here, the Sz and λi are helicities of the nucleon and quarks respectively.
The xi =
k+i
P+ is the longitudinal momentum fraction of quarks. Thus,
the flavor form factors can be written as the overlap of light-front wave
functions. The nucleon Sachs form factors are written in the terms of Dirac
and Pauli form factors,
GiE(Q
2) = F i1(Q
2)− Q
2
4 ∗M2i
F i2(Q
2), GiM (Q
2) = F i1(Q
2) + F i2(Q
2). (4)
The i = P or N represents the proton or neutron, and F i1/2 =
∑
f efF
f/i
1/2 is
the Dirac (Pauli) form factors of the nucleon17. And the electromagnetic
radii of the nucleon can be obtained from
〈r2E〉i = −6
dGiE(Q
2)
dQ2
∣∣∣∣
Q2=0
, 〈r2M 〉i = −
6
GiM (0)
dGiM (Q
2)
dQ2
∣∣∣∣
Q2=0
. (5)
2. Hamiltonian Formalism
BLFQ solves the eigenvalue equation of the light-front Hamiltonian
P− |β〉 = P−β |β〉, which leads to the eigenvalue P−β and the associated
eigenvectors of the bound state. In our work, we only consider the low-
est Fock-sector for the expansion of the nucleon, and employ an effective
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Hamiltonian P−eff which is given by
P−eff =
∑
i
m2i + p
2
i⊥
xi
+
1
2
∑
i,j
(
κ4Txixjr
2
ij⊥ +
κ4L
(mi + mj)2
∂xi(xixj∂xj )
)
+
1
2
∑
i,j
CF 4piαs
Q2
u¯s′i(k
′
i)γ
µusi(ki)u¯s′j (k
′
j)γµusj (kj), (6)
where the mi/j is the constituent mass of quarks and the i, j = 1, 2, 3 label
the Fock particles. For Each single-particle basis state, we employ the
discrete plane-wave basis (k) in the longitudinal direction and 2D harmonic
oscillator (2DHO) basis (n and m) in the transverse direction. Besides, a
single quantum number (λ) presents the helicity degree of freedom.
For the nucleon, proton (or neutron) is the lowest eigenstate, denoted
by |PΛ〉, where the Λ indicates helicity of the nucleon. In momentum space,
the LFWFs are written as
ΨΛ (xi, ki⊥, λi) =
∑
n1,m1,n2
m2,n3,m3
(
ψΛ(ki, ni,mi, λi)
×
∏
i
√
2
b(2pi)
3
2
√
n!
(n+ |m|)!e
−p2⊥/(2b2)
( |p⊥|
b
)|m|
L|m|n (
p2⊥
b2
)eimθ
)
. (7)
Here, b is an HO basis parameter with the dimension of mass, and L
|m|
n (
p2⊥
b2 )
is the generalized Laguerre polynomial.
3. Numerical Results
In this paper, we set the model parameters mq/OGE = 0.2 GeV, mq/k =
0.3 GeV, κT = 0.284 GeV, κL = 0.373 GeV and αs = 1.0 ∼ 1.2. In
Fig 1(a), the Sachs form factors of the proton show an agreement with
the experimental data, Except for GPM in the low Q
2 region. At Q2 = 0,
GM (0) gives the anomalous magnetic moments. Our calculations show that
the anomalous magnetic moments of the proton (GPM (0) = 2.443±0.027) is
somewhat different with the experimental measurements (GPM (0) = 2.79).
In Fig 1(b), we show the Sachs form factors of the neutron and compare
them with the experimental data revealing a significant difference. Es-
pecially, at Q2 = 0, the GNM (0) = −1.405 ± 0.026 is disagrees with the
experimental data (GNM (0) = −1.91).
We also calculate the electromagnetic radii of the nucleons, which we
show in Table 1. The BLFQ results are in a good agreement with the
experimental data17.
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Fig. 1. The Sachs form factors for the proton (a) and neutron (b). Nucleon Sach’s FFs
G
P/N
E (Q
2) (upper panel) and G
P/N
M (Q
2) (lower panel) are functions of Q2. The bands
are BLFQ results reflecting our αs uncertainty of 10%. The experimental data are taken
from Ref18.
Table 1. Electromagnetic radii of the nucleon. Our results are compared with the
experimental data17.
〈rPE〉 /(fm) 〈rPM 〉 /(fm) 〈rNE 〉
2
/(fm2) 〈rNM 〉 /(fm)
BLFQ 0.85± 0.05 0.88± 0.03 −0.09± 0.17 0.90± 0.03
Exp. Data 0.833± 0.010 0.777± 0.016 −0.1161± 0.0022 0.862+0.009−0.008
4. Conclusion
In our work, we produce the light-front wave functions by solving the eigen-
value equation of light-front Hamiltonian, and evaluate the electromagnetic
form factors of the nucleon. We observe the proton form factors are in a
reasonable agreement with the experimental data. The neutron form fac-
tors show a significant issue in the low Q region. We also compare the
electromagnetic radii of the nucleon with the experimental data.
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